obstruction, there is a markedly accelerated nitrogen metabolism with increased tissue breakdown (10, 11) . The rise in the non-protein nitrogen in the blood is often too rapid to be accounted for by simple retention. The high level of non-protein nitrogen seems due to both retention and increased tissue destruction.
The exact relation of the chlorides to the toxemia and tissue destruction is as yet undetermined. We suggested originally the possibility that sodium chloride may directly neutralize the bodies responsible for the toxemia. This hypothesis was based on the seeming greater loss of chloride from the blood than could be accounted for in the vomitus and urine and on the striking effect of sodium chloride in relieving and preventing the toxemia. Further studies by Gamble and McIver (8) , White and Bridge (12) , and Atchley and Benedict (13) indicate that all the chloride lost from the blood and tissues is found in the urine and gastric and intestinal secretions. There is also a fall in the chloride of the tissues (12, 14) , and during the toxemia very little chloride is excreted in the urine. These facts render our original theory unlikely.
This still however does not throw any light on the problem of the relation of the chloride level to the tissue metabolism. The proper amount of chloride is necessary to maintain water balance and kidney function. Autolysis may conceivably be more rapid in tissue with a low chloride content. It is also possible that the tissues may be more easily injured by circulating toxins, if such be present, when the salt content is low. These experiments have been made in an attempt to throw some light on the exact relation of the chloride level to the toxemia of upper gastrointestinal tract obstruction.
In studying the relation of the sodium chloride to the blood chemical changes and toxemia, it is most desirable to be able to produce experimentally the characteristic blood changes and toxemia without having to consider mechanical factors, the possibility of infection, and operative risk. We have found that such a condition can be produced by ligating the pylorus and releasing the obstruction in 24 to 72 hours. The thick wall of the pylorus precludes the possibility of rupture of the viscus as frequently happens after ligation of the intestine. The obstruction is easily eliminated by removing the ligature under local anesthesia with little operative risk. In some of the surviving animals
t h e r e is p r o d u c e d a c h a r a c t e r i s t i c t o x e m i a in w h i c h m e c h a n i c a l factors are e l i m i n a t e d m a k i n g a n i d e a l c o n d i t i o n for t h e s t u d y of t h e b l o o d c h e m i c a l changes.
Method.
All experiments have been made on dogs. All primary operations were done under ether anesthesia with aseptic technique. Obstruction of the pylorus was (17) , and the chlorides in the tungstic acid filtrate after the technique suggested by Gettler (18) . For the non-protein nitrogen in the urine Folin's micro method (19) was used, and for the chlorides a modified Volhard-Arnold method.
E X P E R I M E N T A L OBSERVATIONS.
The blood chemical changes in four dogs in which the obstruction was not released are shown in Table I . These all show the characteristic findings, namely, a fall in chloride and a rise in CO2 combining power, and in non-proteln and urea nitrogen. The animals died in 48 to 96 hours after operation.
In eight dogs the obstruction was released but no treatment was given. Four recovered, and four died. In the animals recovering (Table II) there was a gradual rise in the blood chloride until the normal level was reached. No food was given during the experiment so it is quite evident that there was a shift in the store of body chloride so that the diminished supply of blood chloride was restored. The four dogs which died showed a progressive fall in chloride and rise in non-protein nitrogen after the obstruction was released. The course of the toxemia was not influenced by the release of the obstruction. Five animals were treated with sodium chloride by mouth after a toxemia had been established for a sufficiently long period to indicate that it would not adjust itself spontaneously (Tables III and IV) . The sodium chloride was given by mouth in 1 gin. tablets with a small A very large amount of salt was required for each animal. The four recovering showed a rapid return of blood findings to normal, and a disappearance of the signs of toxemia. The animal which did not recover showed a marked fall in non-protein nitrogen after the administration of 10 gin. of salt by mouth. The following morning an intravenous injection of 25 per cent sodium chloride was attempted with immediate death of the animal.
R U S S E L L L. H A D E N A N D T H O M A S G. OILR T A B L E III--
In three animals chemical studies were also made on the urine after the pyloric obstruction was released (Table IV) . After the release there was no vomiting, so accurate urine collections could be made. Distilled water was allowed ad libitum. No food was given. In one animal (No. 13) the non-protein nitrogen continued to rise and the chlorides to fall after the removal of the obstruction. There was a marked diuresis, with a high nitrogen and low chloride excretion. Even with this marked diuresis and high nitrogen output the nonprotein nitrogen in the blood continued to rise indicating the continuation of the increased protein destruction. The hematocrit reading before operation was 51, and 4 days after the release operation it was 58. When the non-protein nitrogen was 236 rag. per 100 cc. the animal was given 100 cc. 10 per cent sodium chloride by stomach tube in broken doses over several hours time. In the afternoon the non-protein nitrogen had fallen to 169 rag. with practically no change in the hematocrit reading. The following day there was a marked diuresis with a high nitrogen excretion. Almost all the chloride given was excreted within 48 hours. The non-protein nitrogen rapidly returned to normal and remained so. In two other animals there was also a marked diuresis after release of the obstruction. The nitrogen excretion was very high. The non-protein nitrogen returned to normal without treatment. The blood chloride returned to normal in one animal and almost to normal in the other. DISCUSSION. Temporary obstruction of the pylorus is a procedure by which the characteristic toxemia of upper gastrointestinal tract obstruction may be produced without having to consider mechanical factors, infection, or operative risk. It gives an opportunity for studying the toxemia factor alone.
The animals which recovered after the release of the obstruction showed the findings now known as characteristic of pyloric obstruction. The animals which recovered spontaneously all showed a quite low blood chloride at the height of the toxemia. The lowest level of chloride always occurred with the highest non-protein nitrogen. As the non-protein nitrogen returned to normal the chloride rose and gradually returned to normal with the animal receiving nothing by mouth except distilled water. These results can be explained only on the basis of a redistribution of the body chlorides. Some of the chloride lost from the blood must have been stored somewhere within the body only to return to the blood after the toxemia is relieved. The level of chloride in the blood is evidently not a true index of the chloride in the body.
The effect of sodium chloride given by mouth in the toxic animals was immediate and most striking. In no instance was the salt given until it was quite apparent that the toxemia would not be relieved by water alone. In every animal so treated there was a rapid return of the blood to normal except the one in which a fatal result followed a later intravenous injection.
The study of the urine after temporary obstruction of the pylorus emphasizes again the high nitrogen excretion which can be explained only on the basis of increased protein destruction. There is a marked diuresis after the obstruction is released probably due to the increased urea content of the blood. The administration of sodium chloride caused a transient increase in the diuresis and output of nitrogen and salt with a rapid return to normal. The assumption seems justified that the restoration of the chlorides has stopped the increased protein destruction.
CONCLUSIONS.
The toxemia characteristic of upper gastrointestinal tract obstruction may be produced by temporary obstruction of the pylorus. This procedure affords an opportunity for studying the toxemia in the absence of mechanical factors, operative risk, and infection.
Animals which spontaneously recover from the toxemia may show a return of the blood chloride to normal when only distilled water is given. In such instances there must be a redistribution of the body store of chlorides.
The administration of sodium chloride by mouth to animals which show a toxemia without evidence of spontaneous recovery causes a rapid return of the blood to normal.
There is a marked diuresis with high nitrogen excretion during the toxemia. This is evidently due to the increased protein destruction.
The return of the blood chlorides to normal causes a cessation of the increased protein destruction.
